Recent studies from our lab found that ultraviolet (UV) irradiation induces a voltage-gated potassium (Kv) channel activation and subsequently activates JNK signaling pathway resulting in apoptosis. The present study in rabbit corneal epithelial (RCE) cells is to investigate mechanisms of UV irradiation-induced Kv channel activity involving p53 activation in parallel to DNA damage-induced signaling pathway. UV irradiationinduced signaling events were characterized by measurements of JNK activation and further downstream p53 phosphorylation. UV irradiation elicited an early response in the cell membrane through activation of Kv channels to activate the JNK signaling pathway and p53 phosphorylation. Exposure of RCE cells to UV irradiation within a few min resulted in JNK and p53 activations that were markedly inhibited by suppression of Kv channel activity. However, suppression of Kv channel activity failed to prevent p53 activation induced by extended DNA damages through prolonging UV exposure time (more than 15 min). In addition, caffeine inhibited UV-induced activation of SEK, an upstream MAPK kinase of JNK, resulting in suppression of both Kv channel-involved and DNA damage-induced p53 activation. Our results indicate in these cells that UV irradiation induces earlier and later intracellular events that link to activation of JNK and p53. The early event in response to UV irradiation is initiated by activating Kv channels in the cell membrane, and the later event is predominated by UV irradiationcaused DNA damage.
Introduction
The corneal epithelium absorbs ultraviolet (UV) wavelengths shorter than 310 nm thereby acting as a filter and protecting the lens and retina from UV-induced damage (Ringvold, 1998) . UV irradiation-induced corneal epithelial injury can affect corneal epithelial barrier function and in turn increase susceptibility to infection, and the development of corneal opacity. UV irradiation triggers a series of cellular events that include eliciting stress-induced signaling pathways and DNA damage. Both activation of cellular signaling pathways and DNA damage can change the phosphorylation levels of p53 protein resulting in cell cycle arrest and apoptosis. The most common DNA damage is forming cyclobutane pyrimidine dimmers (CPD) mutations that stimulate increases in p53 phosphorylation levels through activating chks (van Kranen et al., 1995; Ziegler et al., 1996) . In addition, Chk activation induced by DNA damage, caused by ionizing radiation (IR), reactive oxygen species (ROS), and UV irradiation, increases p53 phosphorylation levels at various sites and is mediated by activation of Polo-like kinase (PLK), (Xie et al., 2001a (Xie et al., , b, 2002 . Recent studies suggest that MAP kinases including JNK, Erk, and p38 phosphorylate and activate p53, leading to p53-mediated cellular responses (Fuchs et al., 1998b; Bulavin et al., 1999; Wu, 2004) . UV irradiation-induced activations of JNK and Erk result in phosphorylations of p53 at Thr81 and Ser15 sites, respectively (Buschmann et al., 2001; Melnikova et al., 2003) . In previous studies, we found that UV irradiation also initiates membrane events to cause K þ channel activation . Voltage-gated potassium (Kv) channels are universally present in the cell membrane and are essential in maintaining the normal cell function. UV irradiationinduced apoptosis in corneal epithelial cells is mediated by activation of Kv channels in the cell membrane Wang et al., 2003) . Suppression of Kv channel activity using specific Kv channel blockers effectively inhibited JNK activation and prevents these cells from UV irradiation-induced death.
It is known that p53 is multifunctional in various cell types. One of its roles is to act as a tumor suppressor protein that senses the DNA damage and acts as a guardian of genome stability (Chernova et al., 1995; Blaise et al., 2001; Gentiletti et al., 2002) . The phosphorylation status of p53 determines the stability of the protein and controls cell cycle progression, which serves as a master-switch for promoting apoptosis (Ginsberg et al., 1991; Ashcroft and Vousden, 1999; Colman et al., 2000; Asher et al., 2001; Sogame et al., 2003) . Alterations of p53 protein, such as missense mutations and loss of its expression caused by nonsense or frame-shift mutations, can result in carcinogenesis (Hussain and Harris, 1998; Medina et al., 2002; Shirai et al., 2002; Nishikawa et al., 2003; Hofseth et al., 2004) . In some cases, p53 becomes a molecular signature based on the type of cancer (Hussain et al., 2000) . The multiple functions of p53 include: (1) to regulate cell cycle progression; (2) to survey cellular stress; and (3) to induce apoptosis in extreme cases. Although the mechanisms underlying p53-dependent apoptotic responses remain incompletely characterized, p53 is known to be involved in both the extrinsic and the intrinsic pathways of apoptosis by initiating apoptosis through mitochondrial depolarization and sensitizing cells to inducers of apoptosis (Wang et al., 1998; Wang, 1999; Haupt et al., 2003; Tang et al., 2003) . For example, active p53 stimulates the apoptotic infrastructure by increasing the expression of apoptotic proteaseactivating factor 1 (APAF-1), a crucial component of the apotosome (Kinzler and Vogelstein, 1997; Levine, 1997) . The signaling pathways underlying the cellular response to DNA damage (genotoxic stress) consist of sensors, signal transducers, and effectors (Zhou and Elledge, 2000) . Although the identities of the damage sensors remain unknown, the molecular entities responsible for transducing the damage signals to specific effectors are relatively well characterized. Ataxia telangiectasia mutated (ATM) and its homolog (ATR) function early in the signaling pathways and are central to the DNA damage response (Zhou and Elledge, 2000; Goodarzi et al., 2003; Dodson et al., 2004; Irarrazabal et al., 2004; Kastan, 2004; Yang et al., 2004) . Downstream targets (substrates) of ATM/ATR include the checkpoint protein kinases Chk1 and Chk2 (Matsuoka et al., 1998; Sanchez et al., 1999; Tominaga et al., 1999) . Chk1 and Chk2 are thought to mediate different types of DNA damage to the specific cellular responses. Further downstream, p53 is a major molecule executing UV-induced DNA damage (Abrahams et al., 1995; Smirnova et al., 2001) .
However, there is very little information up to date about the expression and function of p53 in corneal epithelial cells. In the present study, we for the first time demonstrate that there are high expression levels of p53 protein in corneal epithelial cells. UV irradiation in these cells induces two stages (earlier and later) of cellular events that subsequently involve activation of p53. Suppression of Kv channel activity inhibits UV irradiation-induced JNK activation and p53 phosphorylation occurring in the early stage. However, UV irradiation-induced DNA damage increases p53 phosphorylation levels in both earlier and later stages.
Results

UV irradiation-induced activation of p53
Activation of p53 in response to a variety of cellular stresses including UV irradiation is a crucial component of cellular mechanism. Western analysis was used to measure expression levels of p53 protein in both primary cultured and SV-40-transformed rabbit corneal epithelial (RCE) cells. We found that p53 proteins in a hypophosphorylated state were highly expressed in RCE cells (Figure 1a) . The protein amount and phosphorylation status of p53 in the cellular level were not altered by Figure 1 UV irradiation induced the phosphorylation of p53 in RCE cell. (a) Expression of p53 in primary and SV40-transformed RCE cells. Expression of p53 and phosphorylated p53 (pp53) were detected by Western analysis. High expression levels of p53 were found in both primary and SV40-transformed RCE cells; however, phosphorylation levels of p53 protein were rather low in these proliferative cells. b-Actin was detected as the internal control. (b) Site-specific analysis of UV-irradiation-induced p53 phosphorylation. UV-irradiation-induced phosphorylations of p53 were analysed with site-specific antibodies in Western blots. RCE cells were exposed to UV lights, and then whole cell lysates were fractionated on a PAGE gel. Antibodies against pp53ser15, pp53ser20, pp53ser46, and total p53 protein were used in Western analysis. (c) Immunostaining of p53 and pp53ser15 induced by UV irradiation. RCE cells were grown on glass slide. Cellular expressions of p53 and pp53ser15 were detected by specific antibodies. Pictures were taken by a digital camera under Nikon fluorescent microscope ( Â 60 power lens)
Effects of UV-induced K þ channel activity on p53 activation L Wang et al passages in the cultured condition in both types of RCE cells. UV irradiation-induced increases in phosphorylation levels of p53 were studied in RCE cells using antibodies specific to phospho-serine residues in p53 following a time course (Figure 1b) . UV irradiation clearly induced an increase in phorsphorylation levels of p53 at Ser15 and Ser20, while there was no change in phosphorylation of p53ser46, indicating that activation of p53 in response to UV irradiation in RCE cells is phophorylation site-specific. On the other hand, UV irradiation-induced p53ser15 phosphorylation occurred earlier than the site of p53ser20 (Figure 1b) . Immunostaining experiments were performed to determine the effect of UV irradiation on p53 phosphorylation and localization ( Figure 1c) . UV irradiation increased phosphorylation of p53ser15 in the nuclei, but total p53 protein levels were not changed in UV irradiationinduced and control RCE cells. Results in this figure suggest that there are high levels of p53 expressed in primary cultured and SV40-transformed RCE cells, and UV irradiation activates p53 by phosphorylating both ser15 and ser20 sites.
Effect of suppressing Kv channels on JNK and p53 activities
We have previously reported that suppression of Kv channels prevents UV-induced apoptosis in RCE cells. UV irradiation-induced apoptotic response in these cells is through eliciting Kv channel activity and activation of JNK cascades . To test the further downstream p53 phosphorylation in the JNK signaling pathway, phosphorylation levels of JNK and p53ser15 were measured in RCE cells following a time course after UV induction. It appeared that phosphorylation levels of JNK1/2 were rapidly increased within 5 min after UV irradiation, while phosphorylation of p53ser15 was also increased in a later time between 5 and 15 min ( Figure 2a ). To further test the notion, JNK1 proteins were immunoprecipitated from UV irradiation-induced RCE cells and hypophosphorylated GST-p53 fusion protein was used as a substrate in immunocomplex kinase assays (Figure 2b ). UV irradiation-activated JNK1 from RCE cells effectively phosphorylated GST-p53 and the control substrate ATF2. In the other group study, 4-aminopyridine (4-AP) that specifically blocks Kv channel activity in RCE cells was applied to the cells 15 min prior to exposure of UV irradiation. A dose-response relationship between suppressing Kv channel activity by 4-AP and UV irradiation-induced JNK phosphorylation levels were observed in Figure 2C . To test the effect of Kv channel activity on p53 in JNK signaling pathway in RCE cells, the interaction between JNK and p53 was determined by immunocoprecipitation and immunocomplex kinase assays. JNK1 and p53 proteins were obtained in RCE cells by immunocoprecipitation using specific JNK1 and p53 antibodies. Inhibition of Kv channels with 1 mM 4-AP effectively prevented UV irradiation-induced JNK1 activation and phosphorylation of p53 ( Figure 2d ). Furthermore, the dose-response relationship between suppressing Kv channel activity by 4-AP and UV irradiation-induced p53ser15 phosphorylation levels were also examined in RCE cells (Figure 3a) . UV irradiation-induced phosphorylation of p53ser15 was markedly suppressed by 4-AP in a similar dose-response pattern compared with the effect of 4-AP on UV irradiation-induced JNK1/2 phosphorylation. The inhibitory effect of 4-AP (1 mM) on UV irradiation-induced p53ser15 phosphorylation was sustained up to 8 h in the testing period post to UV irradiation (Figure 3b ). Effects of other Kv channel inhibitors on UV irradiation-induced p53ser15 were demonstrated in Figure 3c . Besides 4-AP (1 mM) effectively inhibited about 50% UV irradiation-induced p53ser15 phosphorylation, other blockers in the group, including Ba 2 þ (5 mM), a-dendrotoxin (a-DTX at 200 nM) and blood depressing substance-I (BDS-I at 400 nM), also partially inhibited the effect of UV irradiation on p53ser15 phosphorylation. These are consistent with the previous patch clamp study results Effect of drug-induced DNA damage on phosphorylation of p53
Melphalan, a DNA damage agent that induces DNA intrastrand crosslinks, was used to study effects of DNA damage-induced increases in phosphorylation levels of p53. Treatment of RCE cells with melphalan induced phosphorylation of p53ser15 following a dose-dependent pattern (Figure 4a ). The effect of melphalan (100 mg/ml) on phosphorylation of p53ser15 was also observed in RCE cells following a time course of the treatment (Figure 4b ). Melphalan-induced phosphorylation of p53ser15 was markedly suppressed by various concentrations of caffeine ( Figure 4c ). However, suppression of Kv channel with different dosages of 4-AP (up to 2 mM) failed to inhibit melphalan-induced phosphorylation of p53ser15 (Figure 4d ). These results support the notion that suppression of Kv channels in the membrane inhibits UV irradiation-induced JNK activation, subsequently suppressing phosphorylation of p53ser15. Blockade of Kv channel does not affect melphalan-induced phosphorylation of p53ser15 through DNA damage-evoked pathways.
Effect of increased intensity of UV exposure on phosphorylation of p53ser15
In order to distinguish the effect of UV irradiationinduced membrane signaling pathway activation from the effect of UV irradiation-induced DNA damage on phosphorylation of p53, RCE cells were extensively exposed to UV irradiation using a protocol (protocol B) by extending UV exposure time up to 30 min instead of In this group of experiments, DNA damage was induced by 100 mg/ml melphalan and phosphorylation of p53ser15 was analysed by Western analysis with a specific antibody against phospho-p53ser15 and total amount of p53 protein was detected by an anti-p53 antibody as the loading control Effects of UV-induced K þ channel activity on p53 activation L Wang et al the fixed UV dosage that has been used in previous studies. In previous studies, we have reported that the effect of UV irradiation at a dosage of 40 mJ/cm 2 on Kv channel activity and subsequent JNK activation can be completely blocked by 1 mM 4-AP. In the present study, Kv channel activity was blocked by application of 1 mM 4-AP in RCE cells during entire extended period of UV irradiation. Suppression of Kv activation by 4-AP partially inhibited UV irradiation-induced phosphorylation of p53ser15 up to 15 min; however, suppression of Kv channel activity was not able to inhibit the effect of extensive UV exposure on phosphorylation of p53ser15 after 15 min of exposure period (Figure 5a ). On the other hand, caffeine (5 mM) was applied in RCE cells during the testing period of UV irradiation. Caffeine effectively inhibited the effect of extensive UV exposure on phosphorylation of p53ser15 during the entire 30 min testing period (Figure 5b ). It was noticed that UV irradiation-induced early phosphorylation of p53ser15 was completely inhibited by caffeine, suggesting that caffeine may also interact with signaling components at JNK level. To test this notion, the effect of caffeine on UV irradiation-induced phosphorylation of SEK, an MAPK kinase immediately upstream from JNK, was studied by incubation of cells with different concentrations of caffeine for 20 min prior to UV irradiation using the protocol A. Applications of 1-20 mM caffeine effectively suppressed UV irradiation-induced SEK phosphorylation (Figure 5c ). UV irradiation-induced JNK phosphorylation was also inhibited by caffeine in a similar dosage range (data not shown). Results presented in Figure 5 indicate that there are two different signaling pathways mediating UV irradiation-induced p53 activation through membrane Kv channel activation and DNA damages.
Discussion
In the present study, we report that exposure of RCE cells to UV irradiation significantly increases phosphorylation levels of p53ser15. The pattern of this increase is linked to both components including: (1) membrane Kv channel activity and JNK signaling pathway activation and (2) nuclear DNA damage. Our previous studies indicate that UV irradiation induces hyperactivity of Kv channels in RCE cells leading to activation of JNK cascades Lu et al., 2003) . Suppression of Kv channel activity effectively prevents UV irradiation-induced apoptotic response in these cells. In the present study, we found that expression level of p53 is rather high in the primary RCE cells and RCE cell line. UV irradiation induced increases in p53 phosphorylation at multiple levels. Specifically, UV irradiation induced phosphorylation of p53ser15 and p53ser20, but not ser46 analysed with Western blots with phosphorylation site-specific anti-p53 antibodies. Upon exposure of RCE cells to UV irradiation, phosphorylated p53ser15 proteins are rapidly increases in the nuclei, suggesting that phosphorylation of p53ser15 plays an Effects of UV-induced K þ channel activity on p53 activation L Wang et al important role in UV irradiation-induced signaling events leading to RCE cell apoptosis. Our results indicate that there is a correlation between JNK activation and p53 phosphorylation in response to UV irradiation in RCE cells. To investigate the signal transduction of UV irradiation-induced phosphorylation of p53, the interaction between JNK and p53 was determined by several approaches. First, time courses of UV irradiation-induced increase in phosphorylation levels of JNK and p53 proteins demonstrate that UV irradiation-induced JNK phosphorylation occurs earlier than phosphorylation of p53ser15, suggesting that phosphorylation of p53ser15 is a further downstream event in the pathway (Figure 2a) . Second, JNK1 and p53 proteins can be pulled down in UV irradiationinduced RCE cells in immnunocoprecipitation experiments by anti-JNK1 antibodies (Figure 2d ). In addition, we examined the ability of UV-activated JNK kinase to catalyse phosphorylation of p53 fusion protein in vitro by using immunocomplex kinase assay (Figure 2b ). In fact, JNK1 purified by immunoprecipitation from UV irradiated RCE cells is able to catalyse phosphorylation of GST-p53 at ser15 (Figure 2b ). The activation of JNK by UV irradiation is confirmed by using ATF-2 fusion protein as the substrate of JNK. Our data provide additional evidence that p53 is a substrate protein of JNK and are consistent to previous studies that describe the interaction between JNK and p53 in other cell types (Fuchs et al., 1998a, b; Pluquet et al., 2003) .
The most important finding of the present study is that phosphorylation of p53ser15 in UV irradiationinduced RCE cells results from two different signaling pathways, including UV irradiation-activated membrane Kv channels and nuclear DNA damage. There are two UV irradiation protocols used in this study: (1) protocol A uses a fixed UV dosage of 40 mJ/cm 2 that equals to 3 min exposure time; and (2) protocol B is extensive exposure of cells to UV irradiation by extending exposure time to increase UV dosage up to 30 min. From previous study in these cells, we observed that the fixed dose UV irradiation activates a Kv channel in the membrane resulting in activation of JNK cascades and apoptosis. In the previous studies, we found that there are several channel blockers that are effective to inhibit Kv channel activity in RCE cells . The linkage between UV-induced hyperactivation of Kv channels and JNK activation has not been established yet. It is possible that UV-induced Kv channel hyperactivity can cause a fast loss of intracellular K þ ions, resulting in cell volume shrinkage. Recent studies suggest that scaffold protein MEKK1, an upstream MAPKK kinase of JNK cascades, is associated with cytoskeleton reorganization and activated in response to cell volume changes (Kwan et al., 2001; Cross and Templeton, 2004; Lieber et al., 2004) .
Blockade of Kv channel activity with these Kv channel blockers suppress activation of JNK and prevent apoptosis in UV irradiation-induced RCE cells Lu et al., 2003) . However, blockade of Kv channel in RCE cells that were extensive exposure to UV irradiation only partially prevent phosphorylation of p53ser15 in 15 min, and failed to prevent phosphorylation of p53ser15 after 15 min continuous exposure of these cells to UV irradiation. In fact, we observed that blockade of Kv channel activity has no effect on phosphorylation of p53ser15 induced by a nuclear DNA damage reagent, melphalan, which mimics UV irradiation-induced DNA damage. It has been shown that ATM and ATR are DNA damage sensors in response to DNA damage resulting in phosphorylation of p53ser15 (Xie et al., 2001a; Ye et al., 2001) . Caffeine can specifically block DNA damage-induced ATM and ATR responses and phosphorylation of p53ser15 (Ito et al., 2003; Costanzo et al., 2003) . In the present case, DNA damage-induced phosphorylation of p53ser15 in both UV irradiation-induced and melphalan-treated RCE cells can be suppressed by caffeine. In addition, we have for the first time observed the new effect of caffeine that can inhibit UV irradiation-induced JNK signaling pathway by suppressing SEK phosporylation (Figure 5c ). Apparently, the multi effects of caffeine on UV irradiation-induced signaling pathways provide new leads and tools for future stressrelated signal pathway studies. It also requires further investigation to understand the pharmacological effect of caffeine in the JNK signaling pathway. There is another interesting observation in the study that suppression of Kv channels with 4-AP (1 mM) can completely prevent UV irradiation-induced JNK activation, but only partially prevent UV irradiation-evoked phosphorylation of p53ser15. Taken together, our data indicate that UV irradiation-induced phosphorylation of p53ser15 results from two signaling pathways. One of the pathways is the membrane Kv channel activitymediated activation of JNK cascades. Suppression of this pathway with Kv channel blocker 4-AP can prevent UV irradiation-induced phosphorylation of p53ser15 in the early stage. The other pathway is DNA damageinduced signaling pathway. Suppression of DNA damage-induced signaling pathway with caffeine can effectively prevent UV irradiation-induced phosphorylation of p53ser15 in RCE cells. However, caffeine is able to effectively suppress UV irradiation-evoked phosphorylation of p53ser15, suggesting that there may be other factors that are involved in the p53 modulation ( Figure 5 ). We therefore can conclude that UV-activated Kv channel activity mediates UV-induced phosphorylation of p53ser15 through JNK pathway, and plays an early role in RCE cell apoptotic pathways. In cells that are exposed to extensive UV irradiation, phosphorylation of p53ser15 is mainly due to UV irradiation-induced DNA damage. These findings extend our knowledge about the cellular signaling mechanisms mediating UV irradiation-induced apoptosis.
Materials and methods
Corneal epithelial cell culture
Primary RCE cells were isolated from the cornea by using an established protocol in our lab (Roderick et al., 2003 ; Wang , 2004) . The cornea was removed from rabbit eyeballs and cut into small pieces. Corneal tissues were placed upside down in culture dishes containing DMEM/F12 medium supplemented with 10% FBS, 5 mg/ml EGF, 5 mg/ml insulin and 10 000 U/ml penicillin/10 000 mg/ml streptomycin. After corneal epithelial cells growing out within 5 days, cornea tissues were removed to allow RCE cells to continue growing to confluence. RCE cells were passed at a ratio of 1 to 4. RCE cells were maintained in an incubator supplied with 95% air and 5% CO 2 at 371C. The medium was replaced every 2 days and cells were passed using 0.05% Trypsin-EDTA.
For UV irradiation induction, two different protocols were designed. (1) Protocol A is designed to study UV irradiationinduced signaling response. In protocol A, corneal epithelial cells were exposed to UV-C light with a standard protocol that used a fixed UV dosage that was calculated at an intensity of 40 mJ/cm 2 (equivalent to 3 min exposure time of protocol B). (2) Protocol B was used for DNA damage studies. In protocol B, RCE cells were extensively exposed to UV irradiation by extending UV exposure time up to 30 min. After UV irradiation, cells were collected and rinsed with phosphatebuffered saline (PBS). K þ channel blockers including 4-AP, BaCl 2 , DTX and BDS-I were obtained from Sigma and Alomone Labs, respectively.
Western analysis and immunochemistry
Western blot assay was performed as described previously . In brief, 5 Â 10 5 cells were harvested in 0.5 ml lysate buffer containing (mM): 137 NaCl, 1.5 MgCl 2 , 2 EDTA, 10 sodium pyrophosphate, 25 b-glycerophosphate, 10% glycerol, 1% Triton X-100, 1 Na-orthovanadate, 1 phenylmethylsulfonyl fluoride, 10 mg/ml leupeptin, 20 Tris, pH 7.5. Cell lysates were rinsed by PBS and precleared by centrifugation at 13 000 g for 20 min. Samples were denatured by adding an equal volume of 2 Â Laemmli buffer and boiling for 5 min, and loaded into 12% SDS-PAGE gel. After fractionation by electrophoresis, proteins were electrotransferred to PVDF membrane. The membrane was exposed to blocking buffer (5% nonfat milk in TBS-0.1% Tween 20 (TBS-T) for 1 h at room temperature (RT), and then incubated with respective antibodies overnight at 41C or for 1 h at RT. After three washes with TBS-T buffer, the membrane was incubated with Horse Radish Peroxydase (HRP)-linked secondary antibody for 1 h at RT. Expression of proteins was detected with a Western blot detection kit (Santa Cruz Biotechnology).
For immunostaining experiments, RCE cells were grown on glass slides. After different treatments, RCE cells were rinsed twice with PBS and fixed for 15 min in 4% paraformaldehyde. RCE cells on slides were treated to be membrane permeable for 30 min with 0.1 M PBS plus 0.1% Triton X-100 (PBS-T), blocked for 1 h with 10% normal horse serum (NHS), and/or 10% normal goat serum in PBS-T at RT. RCE cell samples were incubated overnight at 41C with primary antibody in PBS-T. After washing three times in PBS, the slides were incubated with fluorescein isothiocyanated (FITC)-conjugated donkey anti-goat IgG antibody (1 : 100, Jackson ImmunoResearch Lab) or Cy3-conjugated goat anti-mouse IgG antibody for 1.5 h at RT. The slides were washed and mounted in Vectashield (Vector Laboratories) for analasis under Olympus epifluorescence microscope or confocal microscopy (Olympus Fluoview: Â 60 oil immersion objective lens, NA 1.4).
Immunoprecipitation and kinase assay
Protein kinase activity was measured by using the immunocomplex kinase assay as described previously . In brief, 5 Â 10 6 RCE cells were exposed to UV-C irradiation (42 mJ/cm 2 ) in the absence and presence of Kv channel blockers. Cells were washed once with ice-cold PBS, and then lysed with 0.8 ml of lysis buffer containing (mM): 20 Tris-HCl, 137 NaCl, 1.5 MgCl 2 , 2 EDTA, 10 sodium pyrophoisphate, 25 b-glycerophosphate, 10% glycerol, 1% Triton X-100, 1 sodium orthovanadate, 1 phenylmethylsulfonyl fluoride, 10 mg/ml leupeptin, 10 mg/ml aprotinin, and pH 7.5. Cell lysates were incubated on ice for 10 min, and then were precleared by centrifugation at 13 000 g for 10 min. JNK-1 proteins were immunoprecipitated by 0.5 mg of rabbit polyclonal antibody against JNK-1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and protein A-sepharose beads (Sigma). The immunocomplex was washed three times with lysis buffer and twice with a kinase buffer containing (mM): 20 HEPES, 20 MgCl 2 , 25 b-glycerophosphate, 100 sodium orthovanadate, 2 dithiothreitol, and pH 7.6. The immunocomplex was resuspended in 60 ml of kinase buffer. GST-ATF-2 (Cell signaling technology) or GST-p53 (Santa cruz Biotechonlogy) was added into each 30 ml volume of the immunocomplex. Kinase reactions were initiated by adding 2 ml ATP mixture (20 mm ATP and 10 mCi of [g-32 P]ATP into each tube (Amersham Pharmacia Biotech)). The reaction proceeded at RT for 5-15 min before it was terminated by adding 30 ml 2 Â Laemmli buffer. Phosphorylation of substrate proteins was visualized by autoradiography after fractionalized by electrophoresis on SDS-PAGE. ATF-2 and p53 phosphorylation were quantified by a densitometry. Kinase assay was also used to detect site-specific phosphorylation of p53 at Ser15 site. Immunocomplex beads of JNK were washed twice with the kinase buffer. Immunocomplex of JNK was incubated with 1 mg/ml full-length GST-p53 fusion protein for 30 min at 371C in the kinase buffer containing 200 mM ATP. The reaction was terminated by adding SDS buffer. Reaction protein samples were fractionalized by electrophoresis on 12% SDS-PAGE. Western blot was used to analyse phosphorylation levels of p53ser15 with application of phospho-p53ser15 antibody in the reaction (Cell Signaling Technology).
